The knowledge about the injury source and correlation of riders in car-electric bicycle accident will be helpful in the cross validation of traces and vehicle safety design. In order to know more information about such kind of knowledge, 57 true car-electric bicycle accidents were reconstructed by PC-Crash and then data on injury information of riders were collected directly from the reconstructed cases. These collected data were validated by some existing research results firstly, and then 4 abnormal cases were deleted according to the statistical method. Finally, conclusions can be obtained according to the data obtained from the remaining 53 cases. Direct injuries of the head and right leg are from the road pavement upon low speed; the source laws of indirect head injuries are not obvious. Upon intermediate and high speed, the injuries of the above parts are from automobiles. Injuries of the left leg, femur, and right knee are from automobiles; left knee injuries are from automobiles, the road pavement and automobiles, respectively, upon low, intermediate, and high speed. The source laws of indirect torso injuries are not obvious upon intermediate and low speed, which are from automobiles upon high speed, while direct torso injuries are from the road pavement. And there is no high correlation between all parts of the injury of riders. The largest correlation coefficient was the head-left femur and left femur-right femur, which was 0.647, followed by the head-right femur (0.638) and head-torso which was 0.617.
Introduction
According to statistics, the total number of traffic accidents in China is declining year by year, but the accidents of car-electric bicycle rise [1] . The number of riders who died in the accident also increased steadily, from 0% in 2000 to 11% [2] in 2014. This shows that it is very necessary for us to study the traffic accidents of car-electric bicycles. Accident reconstruction is an important way to study traffic accidents. According to all kinds of traces that can be obtained in the accident, we can deduce the whole process of an accident, and we can get more data that cannot be measured from the accident scene, such as vehicle speed and human injury [3, 4] . These data are valuable for vehicle safety design, road speed limit setting, and traffic accident identification [5] [6] [7] . The basis of accident reconstruction is all kinds of traces left on the scene of the accident. In order to improve the reliability of the reconstruction results, it is often necessary to conduct cross verification [8] to ensure the reliability of the trace. It is noted that there is a certain correspondence between the deformation of the vehicle and the injury of the human body [9, 10] . Therefore, these two kinds of traces can be contrasted and verified. But there is a very important question before the verification; that is, the rider's injury comes from the car or the road. If the problem is unclear, the conclusions are not reliable if verified with the pavement damages and vehicle deformation; at the same time, to find out the source of injury to the rider in the accident, it is also valuable to the safety design of the body, especially the design of the shape of the vehicle head. In addition, the study on the correlation between the injuries of the riders can also provide support for the mutual validation of injury traces. Therefore, the research on the source of human injury has aroused the attention of scholars both in China and abroad: Badea-Rmero and Lenard [11] found that the head injury of a part of riders is caused by the ground based on the accident statistics.
With the aid of deep accident investigation, it is found that car collision is the main cause of pedestrian injury, especially serious injury, but when the body is thrown out, the impact with the ground cannot be ignored, and in some cases it can also cause fatal injuries [12] . Chengjian et al. [13] found that the source of injury to the head of pedestrians is related to the speed of the car by way of simulation. When the speed is lower than 30 km/h, the injuries mainly come from the ground; when the speed is larger than 40 km/h, the injuries mainly come from the vehicle. Hua et al. [14] studied the source of head injury in different types of vehicle collision accidents and found that vehicle models have an effect on the source of human injury with the simulation technology. A survey of these studies shows that scholars in China and abroad had studied the source of human injury in pedestrian accidents, but there are few studies on the source of riders' injuries in car-electric bicycle accidents. In order to know more information about the injury source and correlation of riders in electric bicycle accidents, firstly, 57 car-electric bicycle accidents will be reconstructed by PC-Crash, and then data will be collected and verified by these existing research results; finally, the injury source and correlation of the riders will be studied with the aid of the trend line.
Source of the Data
57 car-electric bicycle accidents were selected from the Accident Investigation database of Hunan University and the data collected by the authors during the past ten years. Firstly, each accident was reconstructed with PC-Crash; secondly, data on injuries, brake distance, and motion distance of the rider will be collected; thirdly, the existing research results were employed to verify the reliability of these collected data. At the same time, some abnormal values were eliminated with the statistical method, and data of 53 cases were finally obtained.
Accident Reconstruction.
In order to obtain the injuries and motion distance of the riders, 57 car-electric bicycle accidents were all reconstructed with PC-Crash. In order to make the reconstruction more reliable, all traces in the accident should be reasonably explained in the process of simulation. One case will be shown as follows to show the process of reconstruction.
2.1.1. Case Introduction. One evening in a city in China, a Chevrolet car ran from north to south and collided with a car-electric bicycle which was running from west to east at the traffic light intersection. According to the survey of the police station, the accident happened on a flat and dry bituminous pavement in good weather and visibility. The vehicle is free of faults. The on-the-spot traces are the rider's blood stain and final stop position of the electric bicycle and car. The braking traces are not discovered. Figure 1 shows the sketch of the accident scene; vehicle 02 is the Chevrolet car, while vehicle 01 is the electric bicycle. There is no obvious scar on the head of the rider. The rider is conscious but with open fractures on the left leg, three fractures on the rib, and trauma on the right leg.
According to the existing research [3] , a traffic accident can be reconstructed reliably following these steps.
(1) Reconstruct the accident scene. As for this case, the accident happened on a flat asphalt pavement, so there was no need to establish a three-dimensional road. It is only necessary to scale the sketch of the accident scene according to Figure 1 and then place it into PC-Crash.
(2) Reconstruct all accident participants. As for the vehicle, directly recall the vehicle model near the accident vehicle from the PC-Crash vehicle database and then modify the parameters with high influence on the reconstruction according to the actual vehicle parameters. After the modification, the car model is characterized by mass 1270 kg, length 4598 mm, width 1797 mm, and height 1470 mm. As for the electric bicycle, the multibody model Maxi-Driver 010910 in PC-Crash was selected and then the corresponding parameters were changed according to the information on the electric bicycle and rider. In the case, the height of the rider is 171 cm and the weight is 70 kg, while for the electric bicycle, the length is 1557 mm, the height of the handle is 960 mm, and the mass is 45 kg. All other parameters are default values.
(3) Accident reconstruction. Through repeated simulation, we discovered that it is consistent with the actual condition when the car speed is 64 km/h and the speed of the car-electric bicycle is 3 km/h. The traces in simulation fit with the accident site when the friction coefficient between the car and the pavement is 0.6 and the friction coefficient between the bicycle and the pavement is 0.7. The reconstruction results are shown in Figure 2 .
(4) Verify the reconstruction result. As shown in Figure 2 , traces in the accident scene can be reasonably explained in the simulation. Figures 3  and 4 are the comparison of the relative position in simulation and the damage of the vehicle at the simulation time t = 60 ms and t = 130 ms. In Figures 3 and 4 , the left figure is the reconstruction figure, while the right figure is the actual deformation of the car in the accident. At the reconstruction time t = 60 ms, the bicycle contacts with the right front of the car; when t = 130 ms, the rider scrubs with the right of the car. These contact points are the causes for the vehicle's deformations. At the same time, Table 1 compares the conjectured conclusions of injuries to the rider and the information provided by the police. It shows that the rider does not suffer serious injuries in addition to the fractures of the left leg. The conclusion is consistent with the information provided by the police. It suggests that the body injuries can be explained reasonably in the simulation also. Thus, the reconstruction results are reliable and the data on this basis are trustable.
Data Reading.
All the 57 cases were reconstructed according to the above method. And then the acceleration of the rider's head and chest and the contact force of the head, the torso, the femur, the tibia, and the knee were all derived directly from PC-Crash. And then the time that the rider is high up absolutely in the air will be found from the simulation as the time node. According to the time node, the injury values of different parts of the rider were calculated according to these obtained data. The value at the front of the node is considered from the impact of the vehicle, while the value behind the node is considered from the impact of the road. Detailed information about these data can be found in Tables 2-5 .
Data Processing
3.1. Data Verification. Take the vehicle speed as the y-coordinate and the body throw distance as the x-coordinate to depict the data, and compare it with existing results. The verification results are shown in Figure 5 . More information about Zhang's model [18] , Nie and Yang's model [19] , Braun's model [20] , and Lin et al.'s model [21] can be found in the corresponding references. From Figure 5 , we can find that the collected data are evenly distributed around the models proposed by 4 scholars, indicating that the data collected here are reliable and can be further analyzed.
3.2. Abnormal Data Processing. In order to reduce the effect of abnormal data on the analysis results, the outliers in these collected data should be deleted before analyzing the data. And the Pauta principle (3σ) in statistics was employed to get rid of outliers in the paper. Head is the contact force of the head, 1 means from the vehicle, and 2 means from the ground the same in the next. Data from cases 1, 11, 13, and 14 are removed from the manuscript. Table 6 according to the Pauta principle. From Table 6 , we can find that the observed value 5939 is the outlier; in this case, it shall be removed. Respectively, distinguish injury data of each part according to the above methods; 4 samples shall be removed, and then 53 samples are reserved finally.
Data Analysis
4.1. Rider's Injury Source Analysis of Each Part. Take the vehicle speed as the x-coordinate and the rider's injury value of each part as the y-coordinate, respectively; draw comparison diagrams concerning the rider's injury source of each part. In the diagram, the triangle and circular scatter, respectively, indicate that the injury source is from automobiles and the road pavement; the solid line and dotted line indicate trend lines of the triangle and circular scatter.
4.1.1. Head. The source comparison of the rider's head HIC15 and maximum head collision force is shown in Figures 6 and 7 . Upon low speed, in Figure 6 , the solid line is close to the dotted line, indicating that the difference of the indirect injury value caused by automobiles and the road pavement is not obvious; in Figure 7 , the dotted line is higher than the solid line, indicating that the direct injury of the rider's head is mainly from the road pavement. Upon intermediate and high speed, in Figures 6 and 7 , the solid line is obviously higher than the dotted line, indicating that both indirect and direct damages of the head are mainly from automobiles. In order to make the discussion more convenient and coherent, the specific interval of the velocity will be replaced by the low speed, intermediate, and high speed. Generally, low speed is about 0 to 30 km/h, intermediate speed is about 30 to 50 km/h, and high speed is about 60 to 80 km/h 4.1.2. Torso. The source comparison of the rider's torso 3 ms acceleration magnitude and maximum torso contact force is shown in Figures 8 and 9 . In Figure 8 , we can see that the contact ratio between the dotted line and the real line is very high upon intermediate and low speed, indicating that the main source of indirect injury to the rider's torso is not obvious at low and intermediate speed, and the main source is from automobiles at high speed; in Figure 9 , we can see that the dotted line is obviously higher than the solid line, indicating that the direct injury of the rider's torso is mainly from the road pavement.
4.1.3. Tibia. The source comparison of the rider's maximum tibia contact force is shown in Figures 10 and  11 . In Figure 10 , we can see that the solid line is above the dotted line, indicating that the injury of the rider's left leg is mainly from automobiles. In Figure 11 , upon low speed, the dotted line is above the solid line, indicating that the injury of the rider's right leg is mainly from the road pavement; upon intermediate and high speed, the solid line is generally located above the dotted line, indicating that the injury of the right leg is from automobiles. Figures 12 and 13 . In Figure 12 , in addition to individual points, the solid line is generally located above the dotted line, indicating that the injury of the rider's left femur is mainly from automobiles in most cases. In Figure 13 , similar to the law of the left femur, the right femur injury is from automobiles in most cases.
Femur. The source comparison of rider's maximum femur contact force is shown in
4.1.5. Knee. The source comparison of the rider's maximum knee contact force is shown in Figures 14 and 15 . In Figure 14 , we can see that 2 curves are in a staggered upward trend. Upon low speed, the solid line is above the dotted line, indicating that the injury to the left knee of the rider is from automobiles. Upon intermediate speed, the dotted line is obviously higher than the solid line, indicating that the injury to the left knee of the rider is from the road pavement; upon high speed, the solid line is above the dotted line, indicating that the injury to the left knee is from automobiles. In Figure 15 , we can see that two curves are in a wavelike upward trend and the solid line is above the dotted line, indicating that the injury of the rider's right knee is mainly from automobiles.
Correlation Analysis of Injuries.
The rider's injury correlation of each part was analyzed by the rank correlation coefficient method in the SPSS, and analysis results are shown in Table 7 . Table 7 shows stronger correlations among rider's head injury HIC15 and torso 3 ms acceleration magnitude, maximum left femur contact force, and maximum right femur contact force. There is a certain correlation between rider's torso 3 ms acceleration magnitude and maximum left femur and right femur contact forces. It shows stronger correlations between maximum collision force of the rider's left femur and maximum right femur contact force, which has a certain correlation with maximum contact force of the rider's left leg and left knee. There is a certain correlation between maximum collision force of the rider's right femur and maximum contact force of the rider's left leg and right leg. It has a certain correlation between the maximum collision force of the rider's left leg and maximum collision force of the right leg and left knee. The above has a significant statistical significance; there is a medium correlation between maximum contact force of the rider's right leg and right knee; there is no obvious correlation between maximum contact force of the rider's left knee and right knee.
Conclusion
After accident reconstruction, data acquisition, data verification, and screening of 57 car-electric bicycle accidents where riders are hit against the engine hood and thrown to the air, data obtained from the remaining 53 cases were analyzed and the following conclusions were drawn: (1) Through comparing the rider's injuries of each part in the collision process with automobiles and ground, we found that direct injuries of the head and right leg are from the road pavement upon low speed. The source laws of indirect head injuries are not obvious; upon intermediate and high speed, the injuries of the above parts are from automobiles. In most cases, injuries of the left leg, femur, and right knee are from automobiles; left knee injuries are from automobiles, the road pavement, and automobiles, respectively, upon low, intermediate, and high speed. The source laws of indirect torso injuries are not obvious upon intermediate and low speed, which are from automobiles upon high speed, while direct torso injuries are from the road pavement.
(2) No high correlation was found between all parts of the injury. The largest correlation coefficient was the head-left femur and left femur-right femur, which was 0.647, followed by the head-right femur (0.638) and head-torso which was 0.617. It was found that the correlation coefficient values of the abovementioned items were very close, and it needs to be further studied whether the approach was related to the collision angle. discussed here, which deserves to be studied deeply in the future.
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